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ASPERGILLUS SPECIES AS MYCOTOXIN PRODUCERS  
IN AGRICULTURAL PRODUCTS IN CENTRAL EUROPE
ABSTRACT: Aspergillus species are able to produce a range of mycotoxins, includ-
ing e.g. aflatoxins, ochratoxins, fumonisins and patulin. Aflatoxins are mainly produced by 
members of Aspergillus section Flavi, and they contaminate various agricultural products 
in several parts of the world. Several recent reports have indicated that aflatoxin-producing 
fungi and consequently aflatoxin contamination occur in agricultural commodities in a 
number of European countries which have not been faced with this problem before. Indeed, 
recent surveys have clarified that concentrations of aflatoxins in maize products and milk 
has been exceeding the EU limit in several regions of Central Europe including Serbia, 
Slovenia, Croatia, Northern Italy and Romania. However, aflatoxin contamination and 
aflatoxin-producing Aspergillus species have not been identified yet in maize in Hungary. 
We examined the presence of potential aflatoxin-producing Aspergilli in maize samples 
collected in southern parts of Hungary. Several A. flavus isolates were identified, and pre-
liminary results indicated that some of the isolates were able to produce aflatoxins. Con-
tamination of other agricultural products with aflatoxins can also pose problems in Central 
Europe due to global warming. Ochratoxin contamination of grapes and grape-derived 
products is usually caused by black Aspergilli, especially by A. carbonarius and A. niger, 
although these species have been rare in Central European vineyards due to climatic fac-
tors. Ochratoxin contamination of other agricultural products including spices and cereals 
was also observed in the region. Besides, ochratoxin producing Aspergilli are frequently 
isolated from imported products including coffee beans, dried fruits and spices, and ochra-
toxin contamination of these samples was also observed. Fumonisins are produced mainly 
by Fusarium species, and by the recently identified producers Aspergillus niger and A. 
awamori. We examined fumonisin producing abilities of A. niger / A. awamori isolates col-
lected from the variety of substrates including raisins, figs, dates, maize and onions. The 
isolates, which came from dried vine fruits, produced several fumonisin isomers also pre-
sent in the raisin samples, indicating that fumonisin contamination of these products was 
probably caused by black Aspergilli. Besides, strains collected from figs, dates and onions 
were also able to produce fumonisins, and preliminary data indicated that figs and onions 
were also contaminated with low but significant amount of fumonisins. Potential fumonisin 
producing A. awamori isolates were also identified on maize samples. Further studies on 
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the examination of the occurrence of fumonisins and their potential producers in other 
agricultural products are in progress. Regarding patulin, contamination of apple based 
products is a serious problem in the region, mainly caused by Penicillium species. Although 
patulin producing Aspergilli have also been identified in cereals, patulin contamination of 
cereals and cereal based products is usually low in Central Europe.
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INTRODUCTION
Aspergillus is among the most economically important of the fungal gen-
era. Aspergillus isolates are used in Oriental food fermentation processes for 
the production of soy sauce, and in the biotechnological and pharmaceutical 
industry for the production of several organic acids and enzymes, and bio-
logically active metabolites such as lovastatin (Va rga et al., 2008). Although 
it is not considered to be major causes of plant disease, Aspergillus species 
may be responsible for several disorders in various plants (Table 1). The most 
notorious plant pathogens are Aspergillus niger and A. flavus, which may 
cause various plant diseases in susceptible plant varieties. In contrast with the 
specialized plant pathogens such as powdery mildews, rusts or most Fusari-
um species, these species are opportunistic pathogens without host specializa-
tion as proved in A. flavus (St. L ege r  et al., 2000).
Tab. 1 – Aspergillus species involved in plant pathogenesis (modified after Va r g a et al., 2008)
 
Plant  Disease  Species involved
Almond  Kernel decay   A. niger, A. flavus, A. parasiticus 
  Chlorosis  A. niger
Apples  Fruit rot  A. sclerotiorum, A. terreus
Apricot, peach  Ripe fruit rot   A. niger 
Carrot  Sooty rot   A. niger 
Citrus (Citrus spp.)  Albinism   A. flavus 
  Black mold rot   A. niger 
  Minor ear rots  A. niger, Aspergillus sp. 
  Fruit and root rot  A. flavus
Date Palm  Fruit rots  Aspergillus sp. 
Fig  Fig smut  A. niger
Grape  Vine canker  A. niger
  Bunch rot (sour rot)  A. niger
  Berry rots  A. aculeatus, Aspergillus sp. 
Maize  Ear rot  A. flavus
Mango  Black mold rot   A. niger
Onion, garlic  Black rot  A. niger, A. alliaceus
Peanut  Crown rot  A. niger
Pineapple  Aspergillus rot  A. flavus
Pistachio  Aspergillus fruit rot  A. niger 
Strawberry  Fruit rots  A. niger 15
While only a limited number of Aspergillus species can invade living plant 
tissues, they are frequently seen as post-harvest contaminants of agricultural 
products. Aspergilli can contaminate agricultural products at different stages, 
including harvest, processing and handling. The most important aspect of food 
spoilage caused by these organisms is the formation of mycotoxins, which may 
have harmful effects on human and animal health. Several mycotoxins, which 
may contaminate various agricultural products, have been identified and the 
economically most important are aflatoxins, ochratoxins, fumonisins and patulin 
(Table 2, Figure 1). In this review we will provide details on the occurrence of 
these mycotoxins and their producers in Central Europe.
Tab. 2 – Some economically important mycotoxins produced by Aspergillus species in various 
agricultural products 
Mycotoxins  Agricultural product  Species
Aflatoxins  Peanut, maize, cotton, spices  A. flavus, A. parasiticus
  Brazil nuts  A. nomius
Ochratoxins  Cereals  P. verrucosum
  Meat, cheese  P. nordicum
  Grape, wine  A. niger, A. carbonarius
  Coffee, spices  A. ochraceus, A. steynii, A. westerdijkiae, 
    A. niger, A. carbonarius
  Figs  A. alliaceus, A. niger
  Pistachio nuts  A. ochraceus
Fumonisins  Grape, raisins, figs, onion  A. niger, A. awamori
Patulin  Cereals, malt  P. expansum, A. clavatus
  Apple, pear, cherry  P. expansum, P. roquefortii, P. brevicompactum
Fig. 1 – Chemical structures of the most important mycotoxins produced by Aspergillus species16
AFLATOXINS
Aflatoxins are decaketide-derived secondary metabolites which are pro-
duced by a complex biosynthetic pathway. Aflatoxins are among the economi-
cally most important mycotoxins. Aflatoxin B1 exhibits hepatocarcinogenic 
and hepatotoxic properties, and is frequently referred to as the most potent 
naturally occurring carcinogen. Acute aflatoxicosis epidemics have occurred 
recently in several parts of Asia and Africa leading to death of several hun-
dred people. These toxins are produced by at least 14 species assigned to three 
sections of the genus Aspergillus: section Flavi (A. flavus, A. pseudotamarii, 
A. parasiticus, A. nomius, A. bombycis, A. parvisclerotigenus, A. miniscleroti-
genes, A. arachidicola, A. togoensis), section Nidulantes (Emericella astellata, 
E. venezuelensis, E. olivicola) and section Ochraceorosei (A. ochraceoroseus, 
A. rambellii) (Varga et al., 2009; Rank et al., 2011). Due to climatic fac-
tors, aflatoxins are mainly detected in products imported (e.g. Brazil nuts, 
pistachio nuts, peanuts and figs) into Central Europe. The famous “paprika 
scandal”, which occurred in Hungary in 2004, was also caused by mixing the 
imported aflatoxin contaminated red pepper powder with Hungarian red pep-
per (Fa zekas et al., 2005). However, aflatoxin contamination of some 
agricultural products does occur in Central European countries including Hun-
gary (average aflatoxin contamination of Hungarian red pepper in 2000-2003: 
0.76 mg/kg, (Sz eit z né  Sz ab ó  et al., 2007). 
Although aflatoxins have been rare in Central European foods and feeds, 
global warming could alter the climatic conditions considerably. Recently, 
several papers have assessed the effects of climate change on food safety, in-
cluding the occurrence of mycotoxin producing fungi and mycotoxins in 
foods (Paterson and Lima, 2010; Miraglia et al., 2009; C ot t y  and 
Ja i me - G a rcia, 2007). All these studies emphasize that aflatoxin produc-
ing fungi and consequently aflatoxins are expected to become more prevalent 
with climate change. Indeed, several recent reports have indicated that aflatoxin 
producing fungi and consequently aflatoxin contamination occurs in agricul-
tural commodities in several European countries which have not been faced 
with this problem before (G ior n i et al., 2007). In Romania, Tabuc et al. 
(2009) found that about 30% of maize samples collected between 2002 and 
2004 in southeastern Romania were contaminated with AFB1. In Serbia, Ja-
k ic -D i m ic et al. (2009) could isolate A. flavus from 18.7% of the maize 
samples analyzed, and aflatoxins were also detected in 18.3% of the samples, 
while Polov i n sk i-Hor vat ov ic et al. (2009) detected aflatoxin M1 in 
30.4% of milk samples collected from small farms in amounts exceeding the 
allowable limits of the European Union. Similarly, Ja n kov ic et al. (2009) 
also detected aflatoxin M1 in 39% of the examined milk samples. Tork a r 
and Ve ng u st (2007) detected aflatoxin M1 above the EU limit in 10% of 
the examined milk samples in Slovenia. Furthermore, Halt (1994) detected 
aflatoxins in 9.4% of Croatian flour samples. During the research on potential 
aflatoxin producing fungi in southern Hungarian maize fields, we could iso-
late and identify a large number of A. flavus strains from maize. About 25% 17
of these isolates were found to be able to produce aflatoxins in varying quan-
tities based on TLC and ELISA analyses. These preliminary data indicated 
that aflatoxin producing Aspergilli were also present in Hungarian maize 
fields. Consequently, climate change with elevated temperatures could lead to 
aflatoxin contamination of Hungarian agricultural products too, similarly to 
that observed in neighboring countries recently (Tót h  et al., in preparation; 
D ob oly i et al., submitted). Investigation on the resistance levels of maize 
hybrids most frequently cultivated in the region is also in progress both in 
Hungary and in Serbia.
Potential aflatoxin producing A. flavus isolates were also identified in 
other agricultural products including stored wheat, onions, grapes and rice 
(Va r g a  et al., unpublished) and in cattle feed (K r n j a j a  et al., 2008). Afla-
toxins were also detected in sunflower flour samples (Ma sic et al., 2003) 
and in spices in Serbia (Sa r ic and Sk r i nja r, 2008).
OCHRATOXINS
Ochratoxin A is a pentaketide mycotoxin that contaminates different 
plant products, including cereals, coffee beans, nuts, cocoa, pulses, beer, wine, 
spices and dried vine fruits (Va r g a  et al., 2001). Ochratoxins exhibit nephro-
toxic, immunosuppressive, teratogenic and carcinogenic properties. Several 
nephropathies affecting animals as well as humans have been attributed to 
ochratoxin A. This mycotoxin is the etiological agent of Danish porcine ne-
phropathy, and renal disorders observed in other animals. In humans, ochratoxin 
is frequently cited as the possible causative agent of Balkan endemic nephropa-
thy, a syndrome characterized by contracted kidneys with tubular degeneration, 
interstitial fibrosis and hyalinization of glomeruli. In 1993, the International 
Agency for Research on Cancer (IARC) classified ochratoxin A as a possible 
human carcinogen (Group 2B). Besides Penicillium verrucosum and P. nordi-
cum, ochratoxins are produced by a range of Aspergillus species assigned to 
sections Circumdati, Nigri and Flavi (Va rga et al., 2008). In section Cir-
cumdati, ten species produce large amount of ochratoxin A and those are: A. 
cretensis, Neopetromyces muricatus, A. pseudoelegans, A. roseoglobulosus, 
A. westerdijkiae, A. flocculosus, A. sulphureus, A. steynii, A. ochraceus and 
A. sclerotiorum. In section Flavi, A. alliaceus and A. albertensis produce 
ochratoxins, while in section Nigri ochratoxin A is produced by A. carbon-
arius, A. niger, A. lacticoffeatus (a possible synonym of A. niger) and A. scle-
rotioniger. Regarding the imported products, recent surveys have clarified that 
ochratoxin contamination of coffee is caused mainly by A. westerdijkiae and 
black Aspergilli (Noon i m et al., 2008), while in pistachio, A. ochraceus is 
primarily responsible for ochratoxin contamination (S e d a g h a t i  et al., 2011). 
Ochratoxin A has been frequently identified in cereal samples in several 
Central European countries including Hungary, Serbia and Croatia (Va rga 
et al., 2004; Levic et al., 2004; Puntaric et al., 2001). According to a 
recent survey on mycotoxins worldwide, aflatoxins have been detected in 18
only 6% of cereal samples collected in Central Europe, while fumonisins and 
ochratoxins have been found in 29% and 41% of the samples, respectively 
(http://www.biomin.net/mycoreport/mtsurvey.html).  Ochratoxins  are  pro-
duced by P. verrucosum in cereals under colder climate conditions (e.g. in 
northern parts of Europe: Lund and Frisvad, 2003), while Aspergilli dominate 
in the tropical region (Mag nol i et al., 2007). There is an important ques-
tion regarding which species is responsible for OTA contamination of cereals 
in countries with warmer climate, including southern Hungary. Due to the 
importance of cereal kernel mycotoxin contamination, it is highly necessary 
to assess mycotoxin content throughout the region immediately after harvest 
and during storage. Such studies are in progress in our laboratories. 
Ochratoxin contamination of other agricultural commodities in Central 
Europe including red pepper (Fa z ek a s  et al., 2005) and grape derived 
products is mainly caused by Aspergillus species including black Aspergilli and 
members of Aspergillus section Circumdati (Varga and Kozakiewicz, 
2006). Ochratoxin A is a frequent contaminant of wine, with red wines being 
more contaminated than white wines of the same wine growing region. Besides 
this, ochratoxins are more frequently observed in wines originating from south-
ern areas of Europe with their warmer climates (Va r g a  and K o z a k i e w i c z, 
2006). The amount of ochratoxins was also found to be dependent upon the 
latitude of the vineyard: OTA contamination is usually higher at lower latitudes. 
Ochratoxins were detected in Hungarian (Va rga et al., 2005b), Croatian 
(D o m ij a n  and Pe r a i c a, 2005) and Slovenian wines (C i g i c  et al., 2006). 
Furthermore, ochratoxin producing black Aspergilli were also identified in Hun-
garian grapes, but no potential ochratoxin producers were detected in Czech 
vineyards (Va rga et al., 2007b).
FUMONISINS
Fumonisins are carcinogenic mycotoxins which were originally identified 
in Fusarium verticillioides (teleomorph Gibberella moniliformis). Fumonisins 
are mycotoxins produced by several species of the genus Fusarium, including 
e.g. Fusarium proliferatum, F. subglutinans, F. oxysporum and F. globosum. 
Regarding the toxicity of fumonisins, high levels of fumonisin contamination in 
home-grown maize were found to be associated with high prevalence of human 
esophageal cancer in several parts of the world, including Transkei region in 
South Africa, Linxian province in China, Northern Italy, Mazandaran and 
Isfahan provinces in Iran, southeastern USA, India, Kenya, Zimbabwe and 
Brazil, and they were also involved in leukoencephalomalacia in horses, pul-
monary edema in pigs, and liver cancer and neural tube defects in experimen-
tal rodents (St o ck m a n-Juva la and Savola i ne n, 2008). In a recent 
study, Pel et al. (2007) have identified a putative gene cluster for fumonisin 
biosynthesis in the phylogenetically very distantly related fungus Aspergillus 
niger, and fumonisin production has also been proved for several A. niger 
isolates coming from culture collections, coffee beans and grapes (Fr isva d 19
et al., 2007; Moge n se n  et al., 2010). Most of these reports claimed that A. 
niger produced only fumonisins B2 and B4, although other isomers were also 
detected in smaller quantities (Va rga et al., 2010). Whereas F. verticillioides 
produces fumonisins on agar media based on plant extracts such as barley 
malt, oat, rice, potatoes, and carrots, A. niger is able to produce fumonisins in 
high quantities on agar media with low water activity (Fr i s v a d  et al., 2007). 
Recently, we have examined the mycobiota and fumonisin content in several 
agricultural products. The range of fumonisin isomers present in the various 
substrates, and produced by A. niger isolates collected from dried vine fruits 
(raisins, sultanas) was examined. Among the A. niger isolates identified, about 
65% were found to be able to produce fumonisins. The average fumonisin con-
tent in the dried vine fruit samples contaminated with potential fumonisin pro-
ducing black Aspergilli was 7 mg kg
-1. The isolates produced several fumonisin 
isomers also present in the dried vine fruit samples, including fumonisins B1-4, 
3-epi-FB3, 3-epi-FB4, iso-FB1, and two iso-FB2,3 forms (Figure 2, Va r g a  et al., 
2010). Besides this, several strains collected from figs, dates and onions were 
also able to produce fumonisins, and preliminary data indicated that figs and 
onions were also contaminated with low but significant amount of fumonisins 
(data not shown). Black Aspergilli were suspected to be responsible for fumon-
isin contamination of grape-derived products, figs and onions (Va rga et al., 
2010; Va rga et al., submitted).
Fig. 2 – Reversed-phase, high-performance liquid chromatography/electrospray ionization  
– ion trap mass spectrometry (RP-HPLC/ESI-ITMS) chromatogram of the extract  
of a raisin sample. The fumonisin isomers detected in the sample are indicated.20
PATULIN
Patulin is produced by a number of fungi belonging to the Aspergillus, 
Penicillium, Byssochlamys and Paecilomyces genera. Penicillium expansum, 
causing blue mold (soft rot) of apples, pears, cherries and other fruits, is recog-
nized as one of the most common causes of patulin contamination (Tr uck-
se s s  and Ta ng, 2001). Several Aspergillus species are also able to produce 
patulin, including species assigned to Aspergillus sections Clavati (Va rga 
et al., 2007a) and Terrei (Va rga et al., 2005a). These species frequently oc-
cur in cereals and cereal products (L op ez-D ia z and Fla n n iga n, 1997; 
Abr a m son  et al., 1987). The most well-known species A. clavatus can be 
isolated mainly from soil and dung, but it also occurs in stored products (mainly 
cereals) with high moisture content, e.g. inadequately stored rice, corn and 
millet (F la n n iga n  and Pe a rce, 1994). A. clavatus isolates appeared to 
be particularly well adapted for growth during malting (Fla n n iga n  and 
Pe a r ce, 1994). Although patulin producing species (mainly Penicillia) are 
frequently found in cereal products in Central Europe, usually low patulin con-
tamination of these products does not pose a serious health hazard to humans.
Patulin contamination of apple products caused by P. expansum is the main 
risk factor in the region. In the nineties, about 0-25% of the apple juice con-
centrates were found to contain patulin above the allowed limit in Hungary 
(Va rga et al., 2004). These findings were in accordance with those found in 
other European countries (data not shown). The average content of patulin in 
Hungarian apple juice concentrates was above 100 mg kg
-1 in 2000. In that 
case, one of the examined samples contained 440 mg kg
-1 of patulin which was 
nine times higher than the maximum allowable limit (Va rga et al., 2004).
In conclusion, although Aspergillus species are usually considered to 
prefer warmer climates, several important mycotoxin producing Aspergilli do 
occur in agricultural products in Central Europe, leading to mycotoxin accu-
mulation in products such as cereals, grapes, dried fruits, onions and spices. 
Mycotoxin producing fungi and consequently mycotoxin contamination are 
expected to become more prevalent in this region due to climate change. A 
continuous thorough investigation of the occurrence, and the potential danger 
posed by these fungi and their mycotoxins are needed for the agricultural 
products in this region.
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Резиме
Aspergillus врсте су способне да произведу велик број микотоксина, укљу  чу-
јући афлатоксине, охратоксине, фумонизине и патулин. Афлатоксине претежно 
производе припадници врсте Aspergillus, секције Flavi, и контаминирају разли-
чи  те пољопривредне производе у неколико светских регија. Неколико послед  њих 
истраживања указују да контаминације пољопривредних производа плеснима, 
про  дуцентима афлатоксина а самим тим и афлатоксинима почињу да се појављу-
ју и у земљама Европске уније које се раније нису суочавале са овим проблемом. 
Према недавно објављеним подацима, потврђено је присуство афлатоксина у ку-
ку  рузу и млеку у количинама које прелазе максимално дозвољене границе према 
ЕУ регулативи, у неколико региона централне Европе укључујући Србију, Сло-
венију, Хрватску, северну Италију и Румунију. Међутим, контаминација куку-
руза афлатоксинима и токсигеним плеснима још није примећена у Мађарској. Ми 
смо испитивали присуство плесни, потенцијалних продуцената токсина из рода 
Aspergillus, у узорцима кукуруза прикупљених у јужним областима Мађарске. 
Идентификовано је присуство неколико изолата A. flavus и прелиминарни подаци 
указују на њихову способност да продукују афлатоксине. Очекује се да ће конта-
минација афлатоксинима и других пољопривредних производа осим кукуруза 
по  стајати све озбиљнији проблем за централноевропске земље као последица гло-
балног отопљавања. Контаминацију грожђа и сродних производа охратоксином 
изазивају црни Aspergilli, нарочито A. carbonarius и A. niger, иако се ове врсте 
ретко срећу у виноградима централне Европе услед климатских фактора. У овом 
региону је такође запажена појава контаминације охратоксинима и других про-
извода као што су жита и зачини. Такође, плесни овог рода, продуценти охраток-
сина, често могу да се изолују из увозних производа као што су зрна кафе, суше  но 
воће и зачини а регистрована је и контаминација ових производа охратоксином. 
Фумонизине производе врсте рода Fusarium као и недавно идентификовани 
Aspergillus niger и A. awamori. У нашим истраживањима смо испитивали способ-
ност продукције фумонизина од стране A. niger / A. awamori у различитим суп-
стратима, укључујући суво грожђе, смокве, урме, кукуруз и црни лук. Изолати 
из сувог грожђа су били способни да продукују неколико изомера фумонизина 
који су били присутни у узорцима сувог грожђа, указујући да је конатминација су-
вог грожђа фумонизима највероватније узрокована црним Aspergillus врстама. 
Поред тога, сојеви изоловани из смокве, урме и црног лука су такође показали 
способност производње фумонизина а прелиминарни подаци показују да су 
смоква и црни лук били контаминирани ниским али значајним количинама фу-
монизина. Изолати потенцијалног продуцента фумонизина A. awamori су такође 
изоловани у узорцима кукуруза. У току су истраживања о присуству фумонизина 
и њихових потенцијалних продуцената и у другим пољопривредним производи-
ма. Што се тиче патулина, контаминација производа од јабука је веома озбиљан 
проблем у овој регији а углавном га изазивају врсте рода Penicillium. Иако је у 25
житу идентификовано присуство продуцената патулина из рода Aspergillus, кон-
та  минација жита и производа од жита патулином је углавном незнатна у централ-
ној Европи.
КЉУЧНЕ РЕЧИ: Aspergillus, афлатоксини, фумонизини, охратоксини, па-
тулин
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